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Abstract.
In a mechanical sense, we understand how the orbital changes and the symptoms of endocrine ophthalmopathy develop. Expansion of the retrobulbar tissues results in forward displacement of the globe beyond the protective cover of the eyelids. Lymphocytic infiltration, followed by fibrosis of the extraocular muscles and the eyelid retractors, leads to diplopia and corneal exposure. Glycosaminoglycans, which are water binding molecules, accumulate in the retrobulbar tissues of patients with orbitopathy and add to the bulk to the retrobulbar tissues. Proptosis at first serves to relieve retrobulbar pressure but eventually the restrictive action of the extraocular muscles and the orbital septum limits protrusion of the globe. As forward motion is restricted, pressure from the expanded tissues rises in the confined retrobulbar space, and the optic nerve may be compressed and functionally impaired. If one thinks of the central problem in orbitopathy as being a discrepancy between the volume of the bony orbit and the bulk of the tissues it is supposed to contain, then it follows that effective treatment must either shrink the swollen tissues or make more space available for them. There is no effective treatment to prevent the devel opment of orbitopathy and, therefore, our efforts are directed at palliation of established symptoms. The remainder of this paper will address the pathophysiology differential diagnosis and management of this challenging condition.
Pathophysiology
If one considers the orbit as a bony cup open only to the front, then it is apparent that as the orbital tissues swell the eye may respond with proptosis. In a sense the proptosis represents a spontaneous decompression. The forward excursion of the globe is limited by the extra ocular muscles (the rectus muscles primarily) and by the orbital septum. The orbital septum originates at the orbital rim and then inserts at the base of the tarsus in both the upper and lower lid. All the orbital fat is restrained behind this barrier.
Garrity
JA: Graves' Orbitopathy adduction and incycloduction for the superior rectus muscle and depression, adduction and excycloduction for the inferior rectus muscle (Fig 1) The superior oblique muscle, after coursing through the trochlea, travels posteriorly to insert posteriorly and temporally to the superior rectus insertion. The complex action of the superior oblique muscle includes depression, abduction and incycloduction. Since clinically apparent inferior oblique muscle involvement is distinctly uncommon, it will not be considered. Pathophysiologically the extraocular muscles enlarge in response to infiltration by activated B and T cell lymphocytes.3 The stimulus for this response is unknown although the dysfunction induced in the extraocular muscles and levator palpebrae superioris muscles may initially be reversible before onset of fibrosis and perma nent loss of function. Within the orbital connective tissue orbital fibroblasts secrete glycosaminoglycans which accumulate and bind water.4 The fibroblasts within the orbit appear to differ functionally from fibroblasts else where in the body. Specifically orbital fibroblasts do not respond vigorously to T3 or glucocorticoids in terms of inhibition of (3H) glycosaminoglycan synthesis as do their dermal counterparts.5
Volume expansion within two orbital compartments (extraocular muscles and orbital fat) has been studied. Yamamoto et al6 have shown ultrasonographically that both extraocular muscle and orbital fat increase their volume as proptosis increases and that the ratio of muscle volume to fat volume does not change. Forbes et a17 used computed tomography to study these changes. They did not notice any significant changes in either fat or muscle volume in patients with euthyroid orbitopathy compared to thyrotoxic orbitopathy. They also noted that six of seven patients with apparent "unilateral" orbitopathy had some measurable abnormality in the contralateral orbit when studied with volumetric analysis. In addition measurements of orbital soft tissue volume demonstrated a higher frequency of abnormal changes in hyperthyroid patients with Graves' disease without clinically apparent eye involvement than had been previously reported. There is no single clinical or laboratory finding which is necessary or pathognomonic for the diagnosis of Graves' orbitopathy.9,10 Sufficient findings for the diag nosis are largely a matter of clinical judgment.
Differential Diagnosis
The diagnosis of Graves' orbitopathy is usually straight forward when all the clinical features are fully developed. Indeed, if the patient is clinically hyperthyroid and has bilateral proptosis with bulbar injection and chemosis along with lid retraction and lid lag, the diagnosis is virtually certain (Fig 2) .
When the patient is clinically and biochemically euthyroid, the diagnosis can be more difficult as the following examples illustrate. The presence of unilateral lid retraction can be confused with contralateral ptosis in which case the possible diagnosis of myasthenia gravis must be considered. The presence of typical lid lag (Fig  3) in downgaze supports a thyroid related etiology. Similarly, evaluation of recent onset vertical diplopia in a 70-year-old female, especially with an accompanying head tilt, might favor an empiric diagnosis of a IV nerve paresis with recent decompensation. Only with direct questioning may one elicit a history of previous thyroid disease (Fig 4) Lastly, many patients are referred with "unilateral" proptosis and the suspicion of an o rbital tumor. The evaluation often uncovers evidence of asym metric (rather than unilateral) Graves' orbitopathy. Characteristic lid findings are of help in the diagnosis. Various other conditions, which can resemble Graves' orbitopathy, must be considered in the differential diag nosis (Table 1) . Meningiomas, similar to Graves' orbit opathy, are more frequent in females. Unilateral Orbital lymphomas can involve any or all structures within the orbit. Involvement of the lacrimal gland(s) or extraocular muscle(s) may resemble Graves'. However, any other soft tissue infiltration is more in keeping with a lymphomatous process which should be biopsied for confirmation.
Dural-cavernous sinus fistulas or carotid-cavernous sinus fistulas produce orbital symptoms indirectly as a result of increased venous pressure transmitted in a retrograde manner from the cavernous sinus. The periorbital edema, chemosis, proptosis and ophthalmo plegia can resemble Graves' orbitopathy although the injected conjunctival vessels tend to be "corkscrew" shaped and travel to the limbus. Computed tomographic features may include varying degrees of extraocular muscle enlargement and characteristically the superior ophthalmic vein will be enlarged on the ipsilateral side. Selective carotid angiography is diagnostic and in some instances therapeutic. Orbital radiation therapy consisting of 2000 cGy (10 fractions) given via non-overlapping lateral ports from a linear accelerator may be useful in terms of dealing with soft issue signs (congestive orbitopathy) and optic neur opathy.16-19 It specifically should not be given for management of proptosis and diplopia.20 Proptosis and diplopia associated with restricture fibrosis of the extra ocular muscles tend not to respond to radiation therapy. The combination of oral corticosteroids given in con junction with radiotherapy is more successful than radio therapy given alone.21 In general, the surgical approaches (volume expan sion) produce results much more quickly than the medical (tissue shrinkage) approaches. If the surgical options are chosen, it is important that they be considered in proper sequence. Orbital decompression, if required, should be performed first. Extraocular muscle surgery, if required, follows orbital decompression and any non urgent eyelid surgery should follow completion of extra ocular muscle surgery.
Orbital decompression can be considered at any point in the course of the disease. It is not necessary that the orbital process "stabilize" prior to surgery and if condi tions warrant, surgery can be performed while the process is worsening. There are many indications for a decom pression although the central theme would be any circum stance where expansion of the orbital volume is required.24 ( Pressure relationships within the orbit have been studied and the ability of the various types of decom pressions to reduce orbital pressure were analyzed. McCord et al27 utilized a dried skull with a balloon within the orbit to measure pressure and volume relationships after a 1,2,3 or 4 wall decompression. Stanley et al20 utilized autopsy specimens with normal orbits. Pressure rises were induced by inflating the balloon on a Fogarty catheter inserted through the optic canal so that the balloon would lie in the intraconal extradural retrobulbar space. The orbit was then decompressed either by a transantral or a transfrontal technique (both are 2 wall decompressions).
The results from both studies are shown in Table 3 The transantral technique is a 2-wall decompression which removes the orbital floor and medial wall (Fig 5) We almost always perform this as a bilateral procedure and in the rare instance where a unilateral decompression is planned we will select another approach generally one of the anterior routes. A bilateral transantral procedure requires approximately two hours of surgery and patients Cerebrospinal fluid rhinorrhea is the most worrisome complication associated with the procedure. DeSanto's series of 200 transantral decompressions noted this to occur in four patients.36 During the ethmoidectomy portion of the procedure one is working near the roof of the ethmoid (floor of anterior cranial fossa) and potential breaks in the dura give rise to the rhinorrhea. Most leaks, if they occur, seal spontaneously; should they persist surgical correction must be considered. 
